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Comparative study on reinforcement performance of angle steel members of

transmission tower based on experimental and finite element analysis

HUANG Xiaoyu', XU Xiaoli', YANG Dishan', WENG Lanxi’
(1.State Grid Fujian Economic Research Institute, Fuzhou 350000, China; 2.Power China Fujian Electric Power Survey &

Design Institute , Fuzhou 350000, China)

Abstract: In order to provide technical support to the reinforcement for old angle steel transmission towers, studies of
the effects on the ultimate bearing carrying capacity of angle steel leg member under different reinforcement methods
were conducted. In this paper, two main reinforcement methods of fixture and perforation types for angle steel leg
member were proposed. The failure mode, bearing capacity and reinforcement effect of reinforced members are studied
under different reinforcement methods, reinforcement positions and connector spacing by static load test and
parametrization finite element simulation, and then the reinforcement mechanism of members is analyzed. The results
show that: the finite element simulation results are in good agreement with the test results, the ultimate bearing capacity
and damage pattern are similar to the test results. The reinforcement changes the damage pattern of the original member,
from overall instability to local instability. The bearing capacity is increased by about 7 % ~ 8 % when the two ends of
the reinforced member are connected, and the reinforcement effect is doubled after the middle connection is added. Both
types of reinforcement are effective in increasing the bearing capacity of the elements, and with the addition of
intermediate joints increasing the bearing capacity even more significantly.
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Figure 1 Detail drawing of reinforcing components(Unit:mm)
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Figure 3 Schematic diagram of strain gauge

arrangement of components



%3955 3 W

TOIGET S A R B A A A o 1T 4 B X6 5 A BROT X LA 5T 137

2 FHRTEM

T AR — 2 A X EE R IR B X IR 2 R o
[ 77 %8 . R FH ANSY'S 514 X5 BT A #9248 #8474 R JT
GEHT . T B SR R A2 D AE L, AR SCHCL /1 000
R0 455 R 43 AT o R 1 I A Sl 3 fil T ANSSY'S #
B R RE R R 4 vk IR R Y A% RS Ry
8 mm, F A FIEIA A B G A e B A
M RSF ¥ 20 mm, A< 3C T A R 4R SR T R H
solid92 FL AR BT RIHL 1% L IT IE FH T % AN K1 0 45 4
(4 53 BT, K4 14 190 s 0] 43 G P14 B e

L1111}

(a) ST, (b) STy-a; (c) STy-a, (d) STs-b; (e) STs-by

El4 MM
Figure 4 Component meshing diagrams
A TR SR PR A6 1) 55 AR Y 5% Ak B Y 9
P AT i (DI LR BT i) 0.01 Es, B 2 100 MPa, H
AHYSEF A S PR Bk RN
E.o,, 0<Te, g,
o /it 0.01E (e, —¢,), e ¢

Kb, o WAL 7 5 E 0 B B SR RS 5 5, R
K38 B s e A ARAE AR 5 0, SR Ji IR N AR

(1)

o A

5 0.01E;

Bs5 Mak#xzi
Figure 5 Material constitutive relation
TE A BN 20 A v, ST O A 1 A R A T
30 kN B UK 3, 22 S5 A S A A A RS TR i 28 A
F83 1B A Lt o — 4~ F 1) i 280 P Al 1) i 28t
WU SR FHASE 7 T 28 A9 JE 3

3 SRS

3.1 WUES
206 BT A9 25 TR 5 B (E A S T A5 W IR A IR A X E

WE6frn. MERABEINEERE , £ INE 1 ST,
MY AR S SIE A I BN A 20 ST A0 ST W2 & A=
Jry ¥ e i R RSB IR L A ST oman B I8 K A 7
— MR 1R Jr e P A A AL A ST, 1 IR
R HETE— MR — AR 2 Z (8] (438 — AR 1 4b)
FF STaby i I8 & A= A5 Je B 1R b [A] 4 2 18], 1
P STob R R ATEI B T B2 2 6] . X J2
F 0 [ 2 A e R — A 1) S R v T A A
B4 A000 P, JELC e 5 B i O A R, O A2 9 55 A6
BOR AT B, DRI n [ A 4 1 IR B 2 B Ok A 3 iy
S A [ e B A e LB AT A R L R AR L X 5
MRL13]4E R —8. Bk, EM BN IE S
7, 3 56 4% SR R AT BR TR 8L 25 SR AR ) &, B AT BR
TCREAL I A R

(a) ST,

(b) ST-a; (c) STy-a, (d) STs-a; (e) STs-a,

Bl 6 XMmkRBEN
Figure 6 Comparison of damage patterns of specimens

32 EH—ABHMLMRE AT

o7 28— 137 # it £ T LB W R AR 2 A i 280 e
0 52 AR 2 [R] s 02 2 40 S g P 2R A Y B AR Bl T
7.3 38 T IR AT BRIC ) FLA B R Ay 3 — A%
il £ LS A L B4 40 R AR 30 X L5 2R

w1 P17 al A, A BR O 0Ll £ 1 3 i 2k i R
el B IEAR W) & 08 (0 e KA 22 8% 0 MIPFAL ST,
FIAE 4 4L ST B K 28 7 A0 XS T R & £ 4 ST 2
A A TR R BE B 5 Tt LR 2 b 1 7 SR 2 W AT .
SToa, AR I RT3 I AW, 35 % 18.5%4; STy
& THIR B e/ AR 7.7 00



138 IR B % 5 + =S 3 2024 4E5 A
700 800 800F
I 600} 600}
Z 500 Z Z
g 300} ﬁ 400 g 400
R Rl —— ik K fi
100l AR 2007 —— f 2001 A B
o 1 2 3 4 s 0 1 2 3 4 s 0 1 2 3 4 s
{7 %% /mm v #% /mm {7 % /mm
(a) H ST, (b) ¥4 ST,-a, (c) ¥ 1F ST,-a,
800 800f
> 600 ~ 600}
e e
e "] |
= 400 = 400
200f kA 200} kAt
—H BRocfE —H BRocfE
0 1 2 3 4 5 0 1 2 3 4 s
{2 #% /mm {7 #% /mm

(d) #4914 STs-b,

(e) *’Qﬁ: STs-by

B7 R —AHWETr

Figure 7 Load-displacement curve comparison

F3 RBL5AMARBARE L
Table 3 Comparison table between test and finite element

ultimate load capacity

B AR R R 2/

LaRERE] -
s MUREII/KN  #BI/RN IR/ %

ST, ST, 690.0 658.1 — 4.84
STy a 714.3 708.8 7.7 0.78

ST,
o STra 799.6 780.2 18.5 2.48
STyb 767.1 711.8 8.2 7.76

ST
STy b, 800.8 762.0 16.0 4.98

TE < B2 T 8= [ AG £1 Bi BR R 28 /2 Jon [0 4 41 A R 28 o

X EE 3 B A R G A o 28— o 8% il £k AT DL
B, 0 1 A7 28— 5 B it 2k 2 3 A% B e 28 1) 6 B
(2R T A BROTA AU SO0, (F JFCAH 0 9 % BR 7R
ARG/ T A BROC AR BR 7R 28 77, A £ 2 N

" fE
1) A FRITHE R A4 7 0 56 2 2 1] 1 A BEAER
BTHAMKLER;

2) 56 ) 1 A0 T AR A AR R AR —
TR 2%, AR FT LA B A — A AR 2

3) AE A g B ek B o S R I O R 5
LA, UK B B i T w0 b6 SR AR — E 1)
i L 5

4) 50 R 1 1 A S AR I R, L
JE AR AR B R R 7 I, 23 B — S R A A B, A

4

7T o8 2 7R 2 T B ARG, 7T A B A TR DU AN 2 Y B T
FIR I — I

H e 3 AT HL, A e ) S A 15 A X6 A A
AR T 05 e 3 L e [R] 0 A X AR R 2
FIHE TR, 38 WX — B 0 D X AT R R v [R)  E
T2 388 T G R EE DL R B A T R 3
14N L [8] 52 a1 B8 7, (5045 4l 1] Hs ) R SE AT &4 b A%
i 5 BB AR AN, DT 4 e AR 48 T o
33 HEH NMTHLE

4 ) 7 78 B B 8% A 280 B W s A R AE 32 )
b T R T Y A2 IRES B 8 4 i T A A Y
fip 28— AR M 2k, B b S 1~4 8 BT F
5 5~8 R R I Ao H BT 8 R 48— A2l kAT
PLE

1) X5 T A i 6 B0 A 1 B R £ B9 AR AN
A xR AR AR AR AR /N M R Eb A R e, E BH R A A
b T 3450 32 R B B AR R A I G A BR R 2T By
BLoRMMAMWSA —BIELEEK 46 XmHE
AR, X FE R BT A A JE it S BOE) M AR E
FTEL .

2) AL e 4] ST if 2 M 241 ST, #E I 2%
I H0T, 25 ¥4 R 1 I A5 35 3 B T R RS E I R PR K
8 A, 150 B L Ak 1 M B B L B A T S T
T, [ A P K R B SS  TE IR
LR K A R AR B BE . Y B 3k A PR R 2



H39EH 3 W I, A - v B A A o 8 P B G S A R X LAY 139

8 T 8 T
= 6r A,
< A,
S WA
= 4 1t vA,]
= BoN
= oL [ —Ag |
+A7
Ay
0, L L . 4 L

-2 -6 0 6
REAE/(10% pe)

(a) #91F STr-a;

fF#%/(10° kKN)

1 #%/(10° kN)

REAE/(10° pe) REAE/(10° pe)

(b) #a STs-a,

8 T 8 T 8 8 T T
‘' —®
2 it
= 6 2 6 =B 2 6 =A F1 2 6r-=B
E E t+B7 E ——A, : E +B;
s e $wB,| & | A 4 s | B,
4 ST ~B, 4 A £1 S ~m
=% i —+Bs| #® - As ¢ Fid —+B;
2o o Bl 4B g A $ | =2l B
4 —+—B; —— A5 ——B;
—+ By —o— Ay —+Bg
0 0 L L 0 1 0 L 3
-2 -1 0 1 -3 -2 -1 0 3 2 -l 0 1
BiAE/(10° pe) RNEAE/(10° pe) WAE/(10° pe) AR /(10° pe)

(¢) F911 STs-b,

(d) #9F ST;-b,

B8 BMMTHR—E T L

Figure 8

a1 e o 7 R R A | MR BB 8 I N 1)
IR IR A B B AE 6 f A, BRI B 98 X 2
T AR A S B Z A6 R R A

3) A AN e AR SR S S A A 04 57 L AR B
S BB, BV e AR Ul B R R A A i 28 A
A AR AL T A2 R A, LA A i 2 — A2 il
25— LR i 2 A AL Z Ab 28— E B AL
o g — MR S IR &, A —
U

4 SHLSH

Bk 2 o & 75 AT 2 A o i, DU
K 1F SToma. Ml SToby hy FERR ALY, B0 1 2 B0

Load-strain curve

RS TS 7, R AR R RO R A R R T
4.1 B AWNRTRE NG

I B4 £ B9 A T [ R A ok AR e S 3] R
Gy W VR T BRIt A o Y 5 R A B ) A T
ROSE X 6 4G R 7 8 ) i sg o e 9 iR o A
FR AR R 23 i B 110x 7| 125X 8. 140X 10,
L 160X 123k 4 4™ Fll b4 £ 50 A i 2 B0k A5 ik 5, Homl
MRS 450 20 110,125,140 ,160 mm,

i P9 R, @R R SE X A R R 3 A A R
VAN N 1 I O N S R i R A A S I
A, ATE B BR R 28 ) AL AL A T X .
e, X e Hom A AR S B MR SF s 16012
BF MR AR B ) S /IR BE R B R B R

800f ] 900 810
600}
E § 6001 E 800
g 4001 SR 107 | o B o
e —e— B R 12578 = 3000 jgijiji,’%itgg’ig £ 790/ i
200¢ —— @A R 140%107] —— B RS 140%10 +;€’ﬁ
——RlFE RS 160x12 . —— B R 160x12 ——4THLA
0 1 2 3 4 0 1 2 3 4 780 120 140 160
{7 %% /mm v #% /mm B4 ] /mm

(a) Je H 2l [ H £k

(o) FT L= 15 i 2k

() MBR7RE T AT 1L

B9 &M R T 24 EF X% A

Figure 9 The effect of substrate size on the two types of reinforcement
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Figure 11 The effect of the friction coefficient on the two types of reinforcement
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